Differences between male and female subjects in mean 24 h blood pressure (BP) values and target organ damage such as left ventricular mass (LVMASS) and intima-media thickness (IMT) of carotid arteries were explained. The study population consisted of 1445 subjects. All subjects underwent 24 h ambulatory BP monitoring, left ventricular echocardiography and measurement of IMT of carotid arteries. Men and women did not differ in age, body mass index (BMI) and clinic BP values. Mean 24 h systolic and diastolic BP were significantly higher in men compared to women. LVMASS corrected for body surface area or height 2.7 , IMT of common (MCCA) and internal (MICA) carotid arteries were found to be significantly higher in men compared to women. Analysis of covariance showed that men had significantly higher LVMASS, MCCA and MICA than women, after adjustment for BMI, age, smoking status, mean 24 h systolic and diastolic BPs, fasting serum glucose, total cholesterol and triglycerides. These findings indicate that male sex could be an important predictor of higher mean 24 h BP and target organ damage for subjects of similar BMI and clinic BP values.
Introduction
Cardiovascular disease is a leading cause of death in all industrialized countries. There is a consistent gender gap in lifespan of approximately 5.6 years in all advanced economies. [1] [2] [3] Cardiovascular death rates rise steeply with age in both genders, but 5-10 years earlier in men. At birth, life expectancy is consistently shorter for men than women across all populations. The gender gap in lifespan has not narrowed over the last century. Possible mechanisms for the higher male susceptibility to cardiovascular disease may include genetic, hormonal, lifestyle factors or a combination of mechanisms. [3] [4] [5] Epidemiological studies supported that the prevalence of hypertension was significantly higher in men than premenopausal women but after menopause, higher prevalence of hypertension was observed in women. 6 The Third National and Nutrition Evaluation Survey (NHANES III) 7 showed that during middle age, men had higher blood pressure (BP) than women. However, women aged 70-79 years had higher BP values than men. Only a few studies had previously used 24 h ambulatory BP monitoring to compare gender differences in BP and reported that men had higher 24 h mean BP than women. 8, 9 It is also known that women are having higher incidence of isolated office hypertension, a condition characterized by a persistently elevated office BP and a persistently normal ambulatory BP. 10, 11 Our previous studies had also indicated that elderly female subjects (60 years of age or above) with isolated systolic hypertension had a greater systolic and diastolic white coat effect than younger female subjects. 12 These data emphasize the importance of ambulatory BP monitoring in order to have accurate BP measurements especially in women population and precise comparison with BP data from men populations.
The objective of the present study was to compare ambulatory BP measurements between men and women of the same age, and to investigate possible differences in target organ damage between male and female subjects and to provide possible explanations for the greater cardiovascular risk in men compared to women.
Materials and methods

Study population
The records of the patients, who were referred to the Hypertension Center of the Department of Clinical Therapeutics from 1998 to 2004 for suspected hypertension or BP check up, were reviewed (retrospective study design). To be considered for further analysis, criteria included (1) no past or concurrent antihypertensive medication (never treated before subjects), (2) no concurrent medication with the potential to raise BP (e.g., prednisone) and (3) no clinical signs or laboratory evidence of secondary causes of hypertension. Finally, the study population consisted of 1445 consecutive outpatient subjects (51% men and 49% women). All patients gave their informed consent to participate in the study. The institutional review board approved the human research protocol. Body weight was measured with the subjects in light clothing without shoes. Body mass index (BMI) was calculated as weight (kg)/ height (m 2 ). Fasting serum glucose, fasting serum total cholesterol and triglycerides were measured, and smoking habits were recorded. All subjects underwent 24 h ambulatory BP monitoring, left ventricular echocardiography and measurement of intima-media thickness (IMT) of carotid arteries.
Clinic BP measurements
Clinic BPs were measured three times in each subject using a mercury sphygmomanometer (appropriate size cuff applied around the non-dominant arm and systolic and diastolic values identified from the first and fifth phase of Korotkoff sounds). During the measurements, the participant remained seated with the arm comfortably placed at heart level.
Ambulatory BP monitoring
All subjects underwent 24 h ambulatory BP monitoring on a usual working day. They were instructed to act and work normally. 13, 14 The Spacelabs 90217 ambulatory BP monitor (Spacelabs Inc., Redmond, WA, USA) was used. The appropriate size cuff was placed around the nondominant arm and three BP determinations were made, along with sphygmomanometric measurements to verify that the average of the two sets of values did not differ by more than 5 mm Hg. Readings were obtained automatically at 15-min intervals throughout the 24 h study period. All subjects included in the study had at least three valid readings per hour. The resulting 72-96 pairs of systolic and diastolic BP readings per recording with the corresponding time of measurements were used to calculate 24 h ambulatory BP parameters, including mean 24 h, daytime and night-time systolic and diastolic BPs, mean 24 h, daytime and night-time heart rates. All subjects were instructed to rest or sleep between 2200 and 0600 (night time) and to maintain their usual activities between 0600 and 2200 (daytime). 15, 16 Shift workers were excluded from our population. The patients who did not rest or sleep at night (n ¼ 9) were also excluded from the analysis. Echocardiography All subjects underwent standard two-dimensional M-mode echocardiograms; left ventricle dimensions were measured using the guidelines of the American Society of Echocardiography. 19 Left ventricular mass (LVMASS) was calculated according to an anatomically validated formula. 20 Ultrasound measurements (IMT of carotid arteries) All participants were examined in the supine position with the head slightly elevated. The scans were performed with a high-resolution UltrasoundDoppler system (Acuson 128 XP, Mountain View, CA, USA) using a 7 MHz linear transducer. Both carotid arteries were scanned longitudinally to visualize the intima-media complex in the far wall of the artery. The best images of the far wall that could be obtained were used to determine the common and internal arteries IMT. Reading and analysing the data were carried out as described previously. 15 The reproducibility of our sonographers IMT measurements had previously been reported. 17, 18 Measurements were made on frozen images, magnified to standard size, on-line. The IMT value was defined as the mean of the right and left IMT of common carotid arteries (MCCA) or IMT of internal carotid arteries (MICA), calculated from 10 measurements on each side, taken within 10 mm proximal to the carotid bifurcation. The lumen/ intima leading edge (I line) to media/adventitia leading edge (M line) method was used.
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Statistical analysis
The SPSS 10.0 (SPSS Inc., Chicago, IL, USA) statistical package was used to analyse the data. Standard descriptive statistics, two-tailed Student's t-test and w 2 test were used where appropriate to compare characteristics of men and women. Results are expressed as percentages or means7standard deviations (s.d.). Linear regression analysis was used to study the relationship of LVMASS corrected for body surface area and MCCA with age and mean 24 h systolic BP in men and women. Analysis of covariance (ANCOVA) was used to test the effects of multiple factors in LVMASS and carotid IMT. In those models, LVMASS corrected for either body surface area or height 2.7 , MICA and MCCA were inserted as dependent variables. Type III sum of squares were used. Estimated marginal means were calculated for male and female subjects after adjustment for covariates. Pairwise comparisons were used to estimate significant differences between marginal means with the Bonferroni adjustment for multiple comparisons. Po0.05 was considered statistically significant. Analysis of ambulatory BP monitoring differences between male and female subjects The differences in ambulatory BP parameters are included in Table 1 . Mean 24 h systolic and diastolic BPs were significantly higher in men compared to women (Figure 1 ). The same results were found as far as daytime and night-time periods are concerned. Men had significantly higher mean daytime and night-time BP values than women. When a group of patients aged 465 years (post menauposal group of women) was examined, we also found similar results for 24 h, daytime and night-time BP values. Isolated office hypertension was found in 33% of our subjects (38.6% male and 61.4% female subjects). Thus, women were found to have higher prevalence of isolated office hypertension than men (Po0.001). Confirmed ambulatory hypertension was found in 26.1% of our population (63.1% men and 38.8% women). Thus, men exhibited significantly higher prevalence of ambulatory hypertension than women (Po0.001). Furthermore, confirmed with 24 h ambulatory BP monitoring, normotension was found in 40.8% of our population (45.2% were men and 54.8% women).
Results
General characteristics of the patients
Analysis of LVMASS differences between male and female subjects LVMASS corrected for body surface area or height 2.7 was significantly higher in men compared to women (Figure 2 (Figure 3) .
ANCOVA showed that LVMASS corrected for body surface area was independently associated with BMI, age and sex (Po0.005, Po0.0001, Po0.0001, respectively). The model for the dependent variable LVMASS corrected for body surface area is included in Analysis of carotid arteries IMT differences between male and female subjects Measurement of IMT of carotid arteries showed that men had higher IMT values compared to women of the same age and BMI. Mean IMT of internal carotid arteries was significantly higher in men compared to women (0.7370.4 vs 0.6170.2 mm, Po0.001) (Figure 2) . The same result was found for mean IMT of common carotid arteries. Mean IMT of common carotid arteries was 0.7270.2 mm in men and 0.6170.2 mm in women (Figure 2 ), a statistically significant difference (Po0.001).
MICA for male and female subjects in different ages and mean 24 h systolic BP values also showed that men are having greater MICA than women for all ages and mean 24 h systolic BP values (Figure 4 ).
The models of ANCOVA for the dependent variables MICA and MCCA are included in Table 2 . Men had significantly higher MCCA (0.73 mm (95% confidence interval 0.70-0.75) vs 0.66 mm (95% confidence interval 0.63-0.69) and MICA (0.74 mm (95% confidence interval 0.69-0.78) vs 0.63 mm (95% confidence interval 0.57-0.68)) after adjustment for age, BMI, smoking status, glucose, cholesterol, triglycerides, mean 24 h systolic BP and mean 24 h diastolic BP (Po0.001 and Po0.005, respectively).
Discussion
The purpose of this study was to determine gender differences in 24 h ambulatory BP measurements and target organ damage. Our hypothesis was that Impact of gender on 24-h ambulatory BP and target organ damage V Kotsis et al male gender plays an important role in BP levels and target organ damage. This hypothesis was possible because previous studies showed that men had higher cardiovascular death rates and shorter life expectancy than women. In the present study, we found that although men and women had similar office BP values, men exhibited significantly higher mean 24 h BP values than women of the same age and BMI. Furthermore, we found that male subjects had increased LVMASS and IMT of carotid arteries , left ventricular mass corrected for height 2.7 ; MCCA, intima-media thickness of common carotid arteries; MICA, intimamedia thickness of internal carotid arteries; SBP, systolic blood pressure. The analysis of covariance results are shown in this table as P and their accompanying F regression analysis values. For example, in the first regression model, there is evidence of a male sex, age, mean 24 h SBP, mean 24 h DBP and cholesterol effect on MCCA. Bold values indicate statistically significant parameters of the model.
Impact of gender on 24-h ambulatory BP and target organ damage V Kotsis et al even after adjustment for age, BMI, smoking status, glucose, cholesterol, triglycerides, mean 24 h systolic BP and mean 24 h diastolic BP levels. Our data reinforce the findings of a study by Wiinber et al. 8 who studied 352 normotensive (for age) Danish men and women, aged 20-79 years, and found that BP increased with age in both men and women, but men had higher mean 24 h BP than women until the age of 70-79 years, when BP was similar for men and women. Khoury et al.
9 also performed ambulatory BP monitoring on 131 elderly men and women and also found that men had higher BP than women. We also illustrated the higher prevalence of isolated office hypertension in women, which explains why women have the same or higher office BP than men of the same age and BMI.
Evidence is available that 24 h, day or night-time average BP values correlate with subclinical organ damage more closely than office values 24 and are more predictive of cardiovascular risk than office values. [25] [26] [27] [28] Moreover, regression of left ventricular hypertrophy is more closely related to treatmentinduced changes in average ambulatory than office BPs. [29] [30] [31] Previous studies had reported the importance of LVMASS in cardiovascular morbidity and mortality. Patients who are having left ventricular hypertrophy are in higher cardiovascular risk and also exhibit increased cardiovascular death rates. 32 Left ventricular hypertrophy had also been associated with coronary artery disease, [33] [34] [35] incidence of stroke 36 and microalbuminuria, 37 suggesting that LVMASS is a predictor of total cardiovascular risk. In the present study, we found that men had significantly higher LVMASS corrected either for body surface area or height 2.7 compared to women. As ambulatory BP values are closely related to target organ damage, 24 it seems reasonable that men should have greater target organ damage than women of the same age. Furthermore, sex hormones could affect not only LVMASS through BP values, but it has been proposed that they could also be involved directly in the modulation of cardiac mass. 38, 39 We found that male sex associates with LVMASS even after correcting for age, BMI, smoking status, glucose, cholesterol, triglycerides, mean 24 h systolic BP and mean 24 h diastolic BP levels.
It is known that hypertensive patients have increased IMT values. [40] [41] [42] [43] [44] Blacher et al. 45 had showed that the presence and the extent of carotid atherosclerosis are associated with cardiovascular and all-cause mortality. It is also known that the aging process modifies the distensibility of carotid arteries. 46 Ebrahim et al. 47 also reported the relation between IMT of common carotid artery and risk factors of stroke and stroke prevalence. Cupini What is known about this topic K The Third National and Nutrition Evaluation Survey showed that during middle age, men had higher blood pressure than women. However, women aged 70-79 years had higher blood pressure values than men.
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K Only a few studies had previously used 24 h ambulatory blood pressure monitoring to compare gender differences in blood pressure and reported that men had higher 24 h mean blood pressure than women. 8, 9 What this study adds K Although men and women had similar office blood pressure values, men exhibited significantly higher mean 24 h blood pressure values than women of the same age and BMI. K Male subjects had increased left ventricular mass and IMT of carotid arteries even after adjustment for age, BMI, smoking status, glucose, cholesterol, triglycerides, mean 24 h systolic blood pressure and mean 24 h diastolic blood pressure levels.
Impact of gender on 24-h ambulatory BP and target organ damage V Kotsis et al et al. 48 reported that IMT values of common carotid artery were significantly higher in patients with non-lacunar stroke than those with lacunar stroke and also in control subjects. Studies also suggested that there is a significant correlation between the ultrasound measurements of IMT of the carotid arteries and coronary artery lesions. [49] [50] [51] We found that men had higher values of IMT of carotid arteries compared with women and that this difference remains significant after adjustment for age, BMI, smoking status, glucose, cholesterol, triglycerides, mean 24 h systolic BP and mean 24 h diastolic BP levels. Thus, our results highlight that men exhibited higher early atherosclerotic target organ damage than women.
In the present study, we examined gender differences in 24 h BP values and target organ damage. Possible limitations of the present study may include bias as a result of subject selection and limit generalizing the findings to other populations. In our hypertension centre's population, we found that women had similar clinic BP values as men of the same age, a finding that is in accordance with the higher incidence of isolated clinic hypertension in women. However, men had significantly higher 24 h BP values, significantly higher LVMASS and IMT of carotid arteries compared with women of the same age and BMI. Finally, we found that men exhibit greater incidence of target organ damage compared with women independent of age, BMI, smoking status, glucose, cholesterol, triglycerides and mean 24 h systolic or diastolic BP levels. Future studies must focus on the posible mechanisms why male subjects are having greater target organ damage than female subjects of similar 24 h BP values and BMI.
